through 8) were officially recognized (32) . Serotyping of S.
suis is primarily related to the capsular antigens. The composition of the capsular material has been described only for serotypes 1 and 2 (9).
Costerton et al. (6) defined the bacterial glycocalyx as those polysaccharide-containing structures of bacterial origin lying outside the integral elements of the outer membrane of gran-negative cells and the peptidoglycan of gram-positive cells. Glycocalyces may be subdivided into two main types: S layers, composed of a regular array of glycoprotein subunits at the cell surface; and capsules, composed of a fibrous matrix at the cell surface. The capsules of a variety of bacterial species are thought to play an important role in virulence. Encapsulated organisms interact with the host defense systems by several known mechanisms (19) . Bacterial capsules are composed of highly hydrated polymers, usually polysaccharides. Because of their chemical properties, they can collapse during dehydration before electron microscopy. The capsule can be stabilized by pretreatment of cells with anticapsule antibodies (3, 17, 23, 26) , with lectins (4, 28) , or with polycationic ferritin (16, 17, 41) . Jacques and Graham (18) have recently introduced a modified aldehyde fixation process in which addition of a primary * Corresponding author.
amine was found to improve the preservation of bacterial capsule.
The ultrastructure of streptococci such as S. pneumoniae (36, 37) , S. mutans (29) , and group B streptococci (20, 26, 33, 39) has been examined. Surface fibrils or fimbriae were observed on different strains of S. salivarius (13), S. sanguis (14) , S. mitior (12) , and Enterococcus faecalis (15) . To the best of our knowledge, surface components of S. suis have not been studied. As part of our work dealing with the characterization of S. suis virulence factors, we examined the surface components of the nine reference strains. The purpose of the present study was to visualize the capsular material from all known serotypes, stabilized with homologous antiserum, labeled with polycationic ferritin, or fixed by the recently described glutaraldehyde-lysine procedure (18) , and to look for other surface components after negative staining.
MATERIALS AND METHODS
Bacterial strains and growth conditions. Reference strains of S. suis representing serotypes 1 through 8 and 1/2 were obtained from Jorgen Henrichsen, Statens Seruminstitut, Copenhagen, Denmark, and are shown in Table 1 . These strains are used worldwide for serotyping procedures. Bacteria were grown on blood agar plates (tryptic soy agar containing 5% bovine blood) for 18 h at 37°C. For negative staining, bacteria were also grown in Todd-Hewitt broth without agitation for 18 h at 37°C (which corresponds to an optical density of 0.65 at 540 nm).
Production of antisera. Antigens for immunization of rabbits were prepared from 18-h-old growth on blood agar plates. The growth from each plate was harvested gently in 3 ml of physiological saline and washed once. The density of the inoculum was estimated by the viable count method before the addition of 0.3% formaldehyde (final concentration) and was adjusted to-a concentration of 10' CFU/mnl. Antisera to each of the reference strains of S. suis (except serotype 1/2) were prepared in rabbits. Rabbits were injected twice a week, beginning with a single 0.5-ml dose of antigen injected subcutaneously. The subsequent seven injections were given intravenously. The first three doses were 1, 2, and 3 ml, respectively. The last four doses consisted of 3 ml each. The rabbits were bled 9 days after the last injection. The sera were separated and stored at -20°C until used. Specificity of the antisera was verified by the coagglutination (27) , the capillary precipitation (32) , and the capsular reaction (25, 32) tests.
Preparation for transmission electron microscopy. (i) Thin sectioning. (i.i) Immunostabilization. Agar-grown bacteria were harvested and washed once with phosphate-buffered saline (0.01 M, pH 7.2). The bacterial suspensions were adjusted to an optical density of 1.8 at 540 nm and then exposed to undiluted, homologous whole-cell antiserum for 1 h at 40C (16, 17) . The to 20/mm for all the strains used in the present study.
Cells of the nine S. suis reference strains were labeled with polycationic ferritin, exposed to homologous (or heterologous) antisera, or fixed with glutaraldehyde-lysine (Table 1) . Cells of all strains exposed to homologous antiserum were covered with a layer of capsular material (Fig. 1A) (10) . Similar results were obtained after fixation with glutaraldehyde-lysine (Fig. 1C and D Fig. 2A and B) . The density of fimbriae varied considerably from cell to cell, from very dense to sparse. Bundles of fibrillar material were seen associated with the cells and occasionally in the surrounding medium (Fig. 2C) .
DISCUSSION
Conventional fixation for thin-section electron microscopy is insufficient to preserve bacterial capsular material, a Pr( bri frc of highly hydrated structure which collapses during dehydration and embedding. Ruthenium red is a polycationic dye with specificity for polyanionic polymers such as acidic 4. :,;polysaccharides (24) . Although it has been widely used to stain bacterial capsular polysaccharides, ruthenium red does not protect capsular material against collapse and condensation, with the following exceptions: when attachment to surfaces anchors the fibers and maintains their extended configuration, or when the capsule is stabilized by specific antibodies or lectins (6) . Cross-linking activity of polycationic ferritin, a large electron-dense molecule, can also protect capsular material from collapse. The binding of polycationic ferritin is entirely electrostatic and can be considered specific for sulfate and carboxyl groups of acidic glycoconjugates (10) . A modified aldehyde fixation process in which addition of a primary amine, lysine, was found to improve the preservation of bacterial capsule has been recently introduced (18) . Lysine has the ability to form large polymers when reacting with glutaraldehyde (5) . Since most amines are positively charged at physiological pH, such polymers could cross-link negatively charged sites within the bacterial capsule. Cross bridges of various lengths would B provide highly effective cross-linking and consequently enhance the stability of capsular constituents during subse-* tesSf quent dehydration.
The strains of S. suis possess a capsule that can be seen under the light microscope by the capsular reaction (32) .
According to the nomenclature of Costerton et al. (6) , the exopolysaccharide, or glycocalyx, of S. suis would be termed a rigid integral capsule because it excludes India ink (32) and is cell associated. The capsular material of S. suis was stabilized during processing for electron microscopy when cells were treated with antibodies, fixed with glutaraldehyde-lysine, or labeled with polycationic ferritin. In general, the capsular material was best observed after immunostabilization. This is the first application of the recently described fixation method with glutaraldehyde-lysine (18) to a relatively large number of strains of the same bacterial species. We observed that this type of fixation did not completely stabilize the capsular material of the reference strain representing serotype 1 (34) . This cell wall thickness appeared characteristic of the species since similar values were observed for the strains studied that represented different serotypes.
Surface appendages which mediate the attachment of streptococci to host surfaces are often associated with a fibrillar layer outside the cell wall, historically termed the fuzzy coat. This morphologically indistinct type is present on such organisms as S. pyogenes, S. salivarius, S. mitior, and S. mutans. More recent studies on the morphology of the fuzzy coat of S. salivarius showed that this layer consists of densely packed fibrils with a loose, amorphous appearance (13, 40) . Similar observations were subsequently made on strains of S. sanguis (14) . Surface fimbriae or fibrils were also observed on cells of S. mitior (12) and E. faecalis (15) . The present study revealed the presence of surface appendages on the cells of reference strains of S. suis after negative staining. These structures were of a definite width and therefore fit the general description of fimbriae proposed by Ottow (30) . Very few gram-positive species have been shown to carry fimbriae, compared with the large nutnber of gram-negative species known to possess them (30) . In comparison with most other fimbriae, the S. suis fimbriae are thin and short; fimbriae can vary from 3 to 14 nm in width and their length can reach 20 ,m (30) . The function of the S. suis fimbriae is so far unknown. Agglutination of human erythrocytes was recently reported by Kurl et al. (22) for some isolates of S. suis. They found that the hemagglutinins, sensitive to proteases and heat treatment, were probably proteins.
The results of this ultrastructural study indicate that S. suis cells bear fimbriae and that capsular materials from different serotypes have distinct morphologies. Our results also indicate that cytochemical labeling with polycationic ferritin, immunostabilization, and fixation with glutaraldehyde-lysine offer simple approaches for the visualization of capsular material of S. suis. Because of the structural diversity within the biochemically and genetically homogeneous species of S. suis, it is important that the surface properties and the functions of surface appendages be studied in more detail. ACKNOWLEDGMENTS This work was supported by a grant from Conseil des recherches en peche et en agro-alimentaire du Quebec (2021) and from Fonds pour la formation de chercheurs et l'aide a la recherche (89-EQ-4101).
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